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Title: 



MULTILAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the I nvention 

[00021 Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,3°°. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 16,012,522. In this patent, overlapping segments of screen are 
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potion in the well bore or a W The ahortcomtog of to technic is tat 
portons „ f the fitted material must be moved relative «o eaeb other which subjecto 
^^wbicbiot^oan^tinafafioreof^expaooeo^ nssemmy 

tocontioltheproductionofsand Another shortcoming of auch designs k me Unnted 

capacity to withstand collapse. 

lMM] otoer patents xeiating to pipe expansions are: U.S. Patent 5,901,789 and 
5,366,012. 

,0005] The main objective of the present invention is to allow easy instaUation of Ore 
s^en to the desireddocation Mowed by expansion to rednee the vetane of the 

, yet another object of the invention is to expand the 
annular space aroond the screen. letanoinoruu; 

screen against the formation to entirely euminate me annnlar space aroond it Yet 
another objective of the present invasion ia to aUow theuse of me sttoctore of me 
scree* downhoie eve»withoot expansion. Another objective of me preset invention 
is to decrease the amonnt of stress on me nitration member when eroded. Yet 
another objective of «. present invention is to provide a significant sttonger 
structure for the finished product, which even after expansion presents a greater 
^ce to conapse: Anoth- <*ject of the invention ia to provide, as mud. as 
possible, tnrifbnnny in the opening size of toe filtration layer after toe assembly Is 
^panded. Another objective ia to provide sufficient stiengto in the aaaemWy, after 
^pansionto aUow it to better resist duWialtpressures. Still another objective ia to 
^ the effort rerpired tor expansion and to atage me overall expansion in disaete 
steps. These and other advantagea of the present invention will bo appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. • 

STTMMARY P * 1 THE INVENTION 

[00061 A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe; The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step expansion; of the filter 
assembly. j 

[00101 Fig. 4 is a section view of a second step, in a multi step expansion of the filter 
assembly • 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of : the present 
invention. 

pgr ATT Bn nffSCRTFITON Q»? THE PREFERRED EMBODIMENT 
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(0012, Rearing «o Fig. 1, the various lay- otflre preferred ere show. 

Tfie hutermcs. layer it a perforated base pipe 10, which ^ * ».of openings 
,2. Base pipe 10 provides a firm foundation fox the layers above. Tire pattern of ft. 
W, 12 is optimized to sttike tire best balance between coUapse resistance after 
and rmnimization of tire force retired to expand tbis layer and Arose 

in the range of op to about 30%. The base pipe 10 can have threads 14 and 16 at 
opposite ends to allow sections of the filter assembly A to be secured tngefirer, giving 
greater torsion and tension sttrsrgftr for the filter asaembly A. A coating 18 made 

Wbitford Corp. manufhcteres the coating nnder tire name Xylan 1052.Ultimately, 
when an expend* 20 (see Fig 3) is moved through base pip* 10, the coating 18 win 
reduce tire required expansion force. The greater collapae resistance of the hsse pipe 
10 promotes borehole stability after expansion The optimization of the^enings 12 
promotes the highest expansion rate for . given material for base pipe 10 while still 
leaving sufficient inflow are. through the pipe openings or perforations 12. Using 
round, rounded, or oval opening instead of siots provides for a mechamcauy stronger 
fitter assanbly A. In the preferred embodiment, tire coating 18 is Xylan and it can 
previde a reduction to required force for a given expansion by as much as 50%. The 
^ 18 abo helps resistance to galling by the expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

(0013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 1ft and filtration layer 26. The drainage layer 24 promotes flow 



4 



WO 02/23009 



PCT/US01/27581 



^een to fiftrauon layer 26 and to openings 12 - *» »- * * ** 
^ embodiment, to drainage iayer 24 is:a weave, seiected ft. a broad array 

of A hraided weave design is — preferred, altough ether we*. 

^o»be^Theprd^n^isa™ 1 *l.^J« Se »H»s.a,.«"304 

SS Braid 600 304B. The drainage Uyer 24 protee* to fiftrafion Uyer 26 ftom hurra 
or puckers around the edges of openings 12. In (be event of higb differentia, pressures 
to to proton, me presence of to drainage .ayer 24 provides sfcucteral support 
for to filiation .ayer 2*. The braided wire drainage Uyer 24 cordd be grated 
^ a shroud of some type, aMn to outer shroud 34, to. would have standoff fin* 
the base pipe 10, 

[0.14] Mounted ovecto drainage layer 24 is to ftafion lay« 26. Tbe fiftrauon 

weave. Tins material gives ve* reliab.e uniformity to to opening size, after 
expansion. In tor manner tore ea„ be confidence in to parade size, which will no. 
passffl.rau<mla,er26wh fl egivn«grea to ^ 

of ,00 many parses. As town in Fig. 1, to Simmon layer 26 is oriented at an 
eng.e » to longitudinal axis of to filter asse^My A. This angle can be; in to range 
of abou. lOte about 80 degrees with about 20 degreea being preferred. Orienung to 
filtering layer 26 a. a. angle allows mmmuzafion of ehange in opening size and 
^onnfty, renting .from expansion. The Duteh TwUl weave provides greater 
taMmy and partiele holding eapaefty. Negative eftoa on hole size and unifonnity 

pattern. A reverse weave is one where to diameter of to weft (shutel wires 28 is 
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1 ^ erto * 6 »^™es30byas m uoha S *out 5 Op e ro ra tTliec 0 mbto» t ionoffl K 
^ ,M of*, filtration layer 26 by a spiral winding .edmirme coaled 
with a reverse weave yields a more predict and uniform opening size ate 
expansion* 

l0 0151 Mounted overthe filtration layer 26 is the filtration enhancement layer 32. 
Thi s laye r promotes greater flow eonductivity from the outermost layer, me outer 
shroud 34. I^yer 32 acts asacoarsefflter to layer 26 andprolon^ 
layer 26. This can be seen in me graph of Fig. ,5, where the addition of the filtration 
enhancement layer is curve 36. The same filter assembly A of me present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents me performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, impound Balanced, Tight Tuck, and Braided Weave.- A suitable 
Compound Balanced .material is available from Porous Metal Products, model # 
eg j 9 6 1 92 2 1/24 . A metallic material is preferred. 

[00161 The outer shroud 34 is preferably formed from spirally winding, a perforated 
sheet into atube. Thehole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have foe 
inflow area of foe openings maximized but to limit foe opening size and use a 
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^ggereu patten so that to outer shroud will not budde or four, when expanded. H. 
^ purpose of to orter shroud 34 fo » protect to layer Wow ftom damage 
during run in. 

10017! Tbe layers canbe joined togetor b, swaging <o reduce to o^de diameter 

of to fflter assembly A. Swaging afoo makes to various .avers act as one with regard 

to expansion and provides greater suength against colfopse after expansion. It . 

p^fened to aunenl to components fodividuafiy before swaging or to anneal to 

fflundou assembly A after all to components nave been assembled, Doing ftds 

^ a greater de^ee of expansion without fatoe. This benefit is parficuforly 

appficable to to base pipe .0. The type o, anneaHng envisioned is solution anneafing 

to ,800 degrees F. AnneaHng of tobasepipe 10 is done before applying to coating 

18 due fo to inabUity of to coating »8 to witofcnd to anneafing fomperafores. 

Shdedng can be used insfoed of swaging fo join to layers togetor. The layers are 

preferably assembled in to following mama, to brrfded wi» of suitable drainage 

fcver 24 is placed on to base pipe 10 wbicb has previously been drilled with holes, 

coated andtoeaded. Then,tofilhnuonlayer 26 is wrapped a. an angle overtofop 

of to drainage foyer 24. Another layer, called to ffltmfion enhancement layer 32 is 
pla oedoverto«opofto a «r^onfo,er26.^anou te rshr„nd34isp 1 aeedover 

to filtration enhancement foyer 32 and to toft package is run through a set of dies 

tot swages or forces all components to vigorously contact each other. , 

,0018] Thefifter assembly Ahas to advantaged superior perftmnance.vtotor it is 

e^eddowttoleofnoflfitfono.expa^iteanbegmvdpa^eimtolmown 

IW>asr . Kg s. 3 and 4 flmstrafo a umque stepwise expansion techn^e. In a firs. 
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step, an gander 20 which may be . fixed cone or a cone with venule diameter is 
m oved downwardly through (he filte. assembly. A to achieve about a 15% expansion. 
At thelower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or cone 22 to increase the overall expansion „ as mnch as 50%. 
As previously ststed,:more expansion steps can be used and different degrees of 
step.wis. expsnsiou and overall expansion can be obtained with this technique. I« 
should be noted that the second expansion does not necessarily have to proceed ina 
direction opposite the first expansion. 

[00191 THere are many applications of the filter assembly of the present invention. In 
horizontal open hole completions mere are usually more than 1 ,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
much contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand from unconsoUdated 
formations or cause erosion. There are many wells in which erosion Staking place 
aadsandisbeingproduced. *^tom**co&«*^™*^** 
occurrence. First the formations may be so una)nsoUdated mat mey simply faU apart 
when the pressure in me well bore used to control me weU durmgldrillm^ 
completing the well is removed. Ibis is referred to as hole or formation: collapse. A 
second possftility is that fluid flows along the path of least resistance. Obis may be 
on the inside of a screen mat isin place or along the outside. As me flow proceeds 
towards the beginning of the open hole section, the accumulative effects of 
production means the,velocity is much higher towards the top section (beginning) of 



8 



PCT/US01/27581 

WO 02/23009 

the . pm h 0 l,™svdloc i «y(^^flcw)ca»beB^^on«heo*ideof 

foe screen to transportsand and to erode to fbrinafion and screen. 

IO02O1 By expanding screen in an open hole horizontal wefl to annnlns: hetween to 

^^foefbrn^oncanbegreaflyreducedore™ 

„*. ffieaDS greato, resistance to flow and torefote paction flow ia reduced on 
toee^oroftoscreen^mcreasedontointerio, The reduction in exterior flow 
arcana tower velocities near the well bo K and to«fbre leas sand transportability and 
less erosion effects. • 

[00211 Expansion can also aid in formation stability by physically supporting *» 
fonnationiffoesc^ Tins support in 

t„m could prevent the collapsing of the formation when the pressure in the well bore 
is reduced. 

. l0 022] IncWholeapphc^ 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary, to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the sereen 
and foe casing, which are often difficult to achieve, are not necessary since expanding 
screenremovesthisannulus. The filter apparatus A could also be used in injunction 
with a frac pack or gravel pack and subsequent expands 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal i axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 
to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. Reassembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing former comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 

neededifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: 



10 



WO 02/23009 



PCTAJS01/27581 



said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: : 

dimension. 
10 The assembly of claim 6, wherein: : 

one of said weft and warp wires is disposed « an angle of 
^ XO-80 degree, with respect to the longtadinal a*of smd base 
pipe. » 

11 The assembly of claim 10, wherein: « 

said weft wires have a larger diameter ton said w*p wires by as 

much as about 50%. 
12 The assembly of claim 10,wherein: i 

said at least one filtation layer former comprises a woven drainage 
, ay erons»dbasepipeanda m ainffl«r«ionl»ye t ,^ddr»na < elayer 

^^gsaidnrainfilnationlayerfiombnrrs in openings in snidbase 
pipe and providtogmeehanicalsr^forsaidrnam filtration Hye,. 

13 Hie assembly of data «, fcrfher comprising: 

a filiation enhancement layer movtaed over said mmn Station layer 
and former comprising a weave,, said drainage layer and said filtrate. 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: i 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• said inside surface of said base pipe is coated to reduce the force 
neededtfor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval, 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe. • 

19. The assembly of claim 18, wherein: I 
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^ Uyers eaeh being annealed to ficOi^ subsequent expansion 
downhole; 

S aid filtration layer and said baae layer are swaged togefcer and said 
father oomprises soWon annealing at up to about !800 



20. An expandable filter assembly for downhole use, eomprising: 

a base, pip* having an inside surfoce, a longitudinal .axis, and a 

plurality of openings; 

at least one ffltration layer mounted over saidbase pipe; and 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

^basepipeisexpandedMstagesuptoabontSOHalK.vetaoriginal 

dimension. 

22. The assembly »f claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution anneahng at up to about 1800 



23. The assembly ofclahn 22, wherein: : 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe. ' 

24. An expandable filter assembly for downhole use, comprising: 

' a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis of said base 
pipe. » 

25- The assembly of claim 24, wherein: \ 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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